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T he major challenge in the treatment of obesity is maintenance of weight loss. Weight-loss programs involving diet, exercise, and behavior modification produce initial weight losses of approximately 10%, 1 resulting in clinically important health benefits. 2 However, most dieters regain about one third of the weight lost during the next year and are typically back to baseline in 3 to 5 years. 3 Maintenance sessions are included in most programs, since continued contact has been found to be helpful in improving maintenance of weight loss. 4 Such maintenance sessions have had limited efficacy, perhaps owing to the heterogeneity of weight loss at the start of the maintenance phase and the fact that the sessions are basically extensions of the weight-loss program.
There is a need for maintenance programs that specifically target people who have lost substantial amounts of weight, regardless of how they lost it, and that teach skills specific to the maintenance of weight loss. We report here the results of the Study to Prevent Regain (STOP Regain), a randomized clinical trial testing the efficacy of a face-toface program and an Internet-based program, as compared with a newsletter control group, in preventing weight regain over a period of 18 months. The study focused exclusively on maintenance of weight loss and recruited participants after they had lost a minimum of 10% of their body weight. The maintenance interventions developed for this trial were based on self-regulation theory 5 and emphasized comparing current weight with a goal weight (weight at the start of the maintenance phase). Then, depending on the correspondence between these two weights, the participants were taught to adjust their eating and exercise behavior or to provide self-reinforcement. 6 We hypothesized that the interventions, delivered face to face or over the Internet, would decrease average weight regain and reduce the proportion of participants who regained 2.3 kg or more during a period of 18 months.
Me thods participants
We recruited 314 participants between February 2001 and September 2003 through newspaper advertisements, brochures, and contacts with commercial and research weight-control programs in the Rhode Island area (Fig. 1) . To be eligible, participants were required to have lost at least 10% of their body weight during the prior 2 years. The 10% weight-loss criterion was selected because of its relevance to clinical measures of health and the 2-year criterion because the risk of regaining weight is greatest during the first several years after weight loss. 7, 8 All participants were required to have a physician, friend, or weightloss counselor complete and sign a form indicating the amount and timing of their weight loss. Exclusion criteria included serious physical disorders (e.g., heart attack or stroke), serious psychological disorders (e.g., bipolar disease, schizophrenia, or an eating disorder), pregnancy, or a planned move. Participants with medical conditions that might affect their ability to safely complete the intervention or their ability to exercise were required to obtain written permission from a physician before entering the study.
study Design
Participants were stratified according to the amount of prior weight loss (10 to 20% of body weight vs. more than 20% of body weight) and then randomly assigned to a control group (105 participants), a face-to-face intervention group (105), or an Internet intervention group (104). The faceto-face format was tested because this approach is used in most weight-control programs and provides a high level of accountability through objective weigh-ins and intensive therapist and peer support. We tested an Internet program because this approach has been shown to be helpful in weight loss and maintenance 9-11 ; we reasoned that the Internet program would be more convenient for participants and would therefore produce better attendance at intervention sessions than the faceto-face program. Participants were assessed at 6, 12, and 18 months and were paid $25 for attending the 6-and 12-month assessments and $50 for attending the 18-month assessment. The protocol was approved by the institutional review board at the Miriam Hospital, Providence; written informed consent was obtained from all participants. The authors designed the study and secured funding; they took sole responsibility for treating participants, collecting and analyzing the data, and writing the manuscript; they vouch for the accuracy and completeness of the reported data.
Interventions
The face-to-face and Internet interventions were identical in frequency of contact and content and were intended to teach participants to regulate their body weight. Participants in the intervention groups were given a scale and introduced to a weight-monitoring system based on color zones. They were taught to use the scale in the way they would use a thermostat or home glucose monitor -namely, to determine whether adjustments in energy-balance behaviors were needed.
Since a major difference between weight loss and weight maintenance is the reinforcement a person receives from others, 3 participants were asked to submit their weight weekly through an automated telephone system (face-to-face group) or a Web-based form (Internet group). Those who reported maintaining their weight, defined as a weight gain of less than 1.4 kg 12 over their starting weight, were in the green zone and were pro- vided immediate reinforcement with positive automated messages and also received small green gifts monthly (e.g., green gum, green tea, or a green dollar bill) to foster the development of self-reinforcement skills. Participants with weight gains of 1.4 to 2.2 kg were in the yellow zone and were instructed to use problem-solving skills to bring their weight back to the green zone. Participants with a weight gain of 2.3 kg or more were in the red zone and were encouraged to restart active weight-loss efforts, using either their initial approach to weight loss or a standard behavioral approach involving a low-calorie, low-fat diet and increased physical activity. Participants in the red zone were also encouraged to use a tool kit provided at the start of the program that included their own weight-loss success story, self-monitoring diaries, a book providing information on calories and fat, a pedometer, and several cans of a meal-replacement product (Slim-Fast, Unilever). Red-zone participants were also offered individual counseling by e-mail (Internet group) or by telephone or in person (face-to-face group) until they returned to their starting weight. Throughout the program, participants in both intervention groups were encouraged to practice eating and exercise behaviors (such as exercising 60 minutes a day) that have been reported to help maintain weight loss. 13, 14 Both groups attended weekly meetings for the first month and thereafter (for the balance of the 18-month period) attended monthly meetings. In the face-to-face group, meetings were held at a clinic affiliated with Miriam Hospital and included an individual weigh-in and group session. Internet participants were provided with a laptop computer and an Internet connection (if needed) as well as technical support. They attended an introductory session designed to teach them how to use the laptop. Participants in the Internet group had access to a STOP Regain message board and a Web site where treatment lessons and weekly tips were posted and where they reported their weekly weight and physical-activity data. Their group meetings were conducted in a chat room. The same study personnel (nutritionists, exercise physiologists, and clinical psychologists with master's or Ph.D. degrees) led the meetings for both groups; all had experience leading behavioral weight-control groups and received uniform training and supervision for this study.
The control group received a quarterly newsletter with information about diet, exercise, and weight control. These participants had no interaction with intervention staff and were seen at the clinic only for assessments.
End Points
The primary end point was weight gain at 18 months; secondary end points, identified a priori, were the percentage of participants who regained 2.3 kg or more (chosen because it is larger than the change expected with normal daily weight fluctuation and because of its public health implication) 15 and changes in diet, activity, and use of behavioral strategies. At each assessment, participants were weighed with a calibrated scale while they were wearing light street clothes, and they completed the Paffenbarger Physical Activity Questionnaire 16 and the Block Food Frequency Questionnaire. 17 They also reported their frequency of self-weighing and rated the importance of key behavioral strategies on a scale of 1 to 6 (in which a score of 1 indicates not at all important and a score of 6 of major importance). Height was assessed at baseline with a wall-mounted stadiometer.
Statistical Analysis
The sample size was selected to provide the study with a statistical power of 80% to detect a 3-kg difference in weight regain between groups, with the use of a two-tailed test and adjustment for three comparisons. Baseline characteristics were compared with the use of the chi-square test or analysis of variance. Absolute weight gain and the percentage of weight lost from the highest weight reported in the previous 2 years were determined with analysis of variance and repeatedmeasures analysis of covariance, respectively, with dropouts assumed to have regained 0.3 kg per month, an assumption used in prior studies 18, 19 and similar to the amount regained by controlgroup participants in this trial. Chi-square tests were used to compare groups with respect to the percentage regaining 2.3 kg or more, with dropouts assumed to have regained this amount. The three pairwise comparisons were tested and Bonferroni's adjustment was used. All analyses were performed with the use of SPSS software, version 13.0, and no interim analyses were conducted. All reported P values are two-sided and reflect Bonferroni's adjustment. 
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R esults
Baseline characteristics of the 314 participants who underwent randomization are shown in Table 1. There were no significant differences among the three study groups in any of these measures. The most commonly reported approaches used to lose weight were commercial weight-loss groups (39.5%), an individual approach with no outside help (22.9%), and exercise (36.6%), with an additional approach usually accompanying exercise. The 6-and 12-month assessments were completed by 300 and 290 participants (95.5% and 92.4%), respectively, with no significant differences among the groups. The 18-month assessments were completed by 291 participants (92.7%), with significantly better attendance in the Internet group than in the face-to-face group (97.1% vs. 87.6%, P = 0.03), but with attendance in neither intervention group significantly different from that of the control group (93.3%; P = 0.20 and P = 0.16, respectively).
Absolute Weight Change
The mean (±SD) absolute weight gain over the 18-month period was 2.5±6.7 kg in the face-toface group as compared with 4.7±8.6 kg in the Internet group and 4.9±6.5 kg in the control group (Table 2 ). There was a significant difference in weight gain between the face-to-face and control groups (absolute difference, 2.4 kg; 95% confidence interval [CI], 0.002 to 10.8; P = 0.05), but not between the face-to-face group and the Internet group (2.2 kg; 95% CI, −0.50 to 10.3; P = 0.09), or between the Internet group and the control group (absolute difference, 0.2 kg; 95% CI, -4.9 to 5.9; P = 1.00). Repeated-measures analysis of covariance, with adjustment for baseline percent weight reduction, showed that the face-to-face group also differed significantly from both the Internet group and the control group with respect to the percentages of weight lost during the 18 months of the trial (P = 0.02 and P = 0.006, respectively) (Fig. 2) . The failure to find a significant difference between the Internet and control groups on these measures resulted, in part, from the somewhat larger amount of weight regained in the Internet group. Among participants in the red zone, those in the Internet group had regained a mean of 9.8±8.4 kg at the end of 18 months, as compared with 7.5±5.6 kg in the control group (P = 0.18) and 7.4±6.4 in the face-to-face group (P = 0.24).
Percentage of Participants Regaining 2.3 kg or More
Assuming that all dropouts regained 2.3 kg or more, we found that 72.4% of participants in the control group regained 2.3 kg or more during the 18-month period, as compared with 54.8% of participants in the Internet group (absolute difference, 18%; 95% CI, 5 to 30; P = 0.008) and 45.7% of participants in the face-to-face group (absolute difference, 27%; 95% CI, 14 to 39; P<0.001) (Fig. 3) . There was no significant difference in the percentage who regained 2.3 kg or more between the two intervention groups (absolute difference, 9%; 95% CI, −4 to 23; P = 0.19).
Effect of Interventions on the Prevention of Weight Regain
Of the 314 participants in the study, 34.7% remained consistently in the green or yellow zone at 6, 12, and 18 months, including 43.8% of those in the face-to-face group, 37.5% of those in the Internet group, and 22.9% of those in the control group. There was a significant difference in these percentages between the control group and the face-to-face group (absolute difference, 21%; 95% CI, 9 to 33; P = 0.001) and the control group and the Internet group (absolute difference, 15%; 95% CI, 2 to 27; P = 0.02), but not between the intervention groups (absolute difference, 6%; 95% CI, −7 to 20; P = 0.35). In contrast, only 23 of the 166 participants (13.9%) who regained 2.3 kg or more at 6 or 12 months subsequently returned to the green or yellow zone, with no significant difference among the face-to-face, Internet, and control groups (19.2%, 16.0%, and 7.8%, respectively). The difference between the face-to-face group and the control group approached significance (P = 0.07), but the Internet group did not differ significantly from the face-to-face group (P = 0.99) or the control group (P = 0.17).
Adherence
Attendance at the face-to-face and chat-room sessions decreased over time (P<0.001) but was consistently better in the face-to-face group than in the Internet group (P = 0.005). The percentage of sessions attended by participants in the face-to-face group was 78.7% from baseline to 6 months, 53.5% from 7 to 12 months, and 41.5% from 13 to 18 months, as compared with 65.7%, 41.2%, and 34.2%, respectively, in the Internet group. The percentage of participants who reported their weight each week also decreased over time (P<0.001), but the difference between the two intervention groups was not significant. In the face-to-face group, the percentage of participants who reported their weight was 84.0% from baseline to 6 months, 68.6% from 7 to 12 months, and 56.1% from 13 to 18 months, and in the Internet group the respective percentages were 82.0%, 69.1%, and 55.3%.
Adverse Events
Medical and psychological adverse events were monitored throughout the trial. No serious adverse events were related to the interventions (Fig. 1) .
Behavioral Changes
Despite the differences in regained weight, there were no significant differences in changes in caloric intake, percentage of calories from fat, or Percent weight reduction was calculated according to participants' highest weight in the prior 2 years, and it was assumed that dropouts had regained 0.3 kg per month. Data were analyzed by repeated-measures analysis of covariance, adjusting for percent weight reduction at baseline. With Bonferroni's adjustments for multiple comparisons, the percent weight reduction in the face-to-face group differed significantly from that in the Internet group (P = 0.02) and the control group (P = 0.006).
The physical activity among the groups. However, there were significant differences in the participants' ratings of the importance of key behavioral strategies. Both intervention groups gave higher ratings for self-weighing as an important aspect of their weight-control efforts than did the control group (P = 0.001). The face-to-face group, as compared with the control group, also gave higher ratings for setting a weight-loss goal (P = 0.005), counting calories (P = 0.03), and keeping a graph or record of eating and exercise (P = 0.01).
Since self-weighing is a key component of the self-regulation model, we compared the proportion of participants in each group who reported weighing themselves at least daily. Differences between treatment groups were significant at 6, 12, and 18 months (P<0.001 for all pairwise comparisons); during each period, 28.9 to 40.0% of participants in the control group reported daily weighing, as compared with 65.1 to 81.4% of participants in the Internet group and 71.2 to 78.9% of participants in the face-to-face group. In addition, in the face-to-face and Internet groups, a smaller proportion of participants who weighed themselves daily regained 2.3 kg or more, as compared with those who weighed themselves less often (face-to-face group, 26.2% vs. 58.3%; absolute difference, 32%; 95% CI, 10 to 55; P = 0.005; Internet group, 39.7% vs. 67.7%; absolute difference, 28%; 95% CI, 7 to 49; P = 0.01). In the control group, the difference was much smaller (65.3% vs. 71.9%; absolute difference, 7%; 95% CI, −15 to 28; P = 0.54) (Fig. 4) .
Discussion
A major problem in the treatment of obesity is maintenance of weight loss. Our results suggest that with minimal intervention, 72% of successful dieters will regain more than 2.3 kg over a period of 18 months. The interventions used in our study, which focused on teaching self-regulation of body weight, significantly decreased the risk of regaining 2.3 kg or more. However, only the face-to-face format reduced the amount of weight regained.
We recruited participants who had recently lost a clinically important amount of weight, regardless of how they had lost the weight, and taught them strategies to prevent weight regain instead of promoting further weight loss. The efficacy of the interventions we tested suggests that this concept of a separate and distinct weight-loss maintenance program may be important for the successful treatment of obesity. In this study and a prior study, 20 preventing weight regain appears to be critical because of the difficulty of reversing even small weight regains.
The face-to-face format produced the best outcomes in this trial, with an average weight gain of 2.5 kg and 46% of participants regaining 2.3 kg or more. Attendance was also superior in the faceto-face group. The Internet intervention was effective in decreasing the proportion of participants who regained weight, but it was less effective in reducing the amount of weight regained. Therefore, from a public health perspective, it might be desirable to use the Internet strategy for prevention of weight regain but to add face-to-face or telephone counseling if weight is regained.
The proportion of participants who reported daily self-weighing was significantly higher in the intervention groups than in the control group, and daily self-weighing was strongly associated with successful weight-loss maintenance. However, frequent self-weighing could be either a cause or a consequence of weight-loss maintenance. The fact that participants in the intervention groups had been taught to use their weight data to regulate their eating and exercise behaviors may be what made this strategy effective for these groups but not for the control group. Several recent studies have shown the importance of frequent selfweighing for both prevention of weight gain and weight loss, 21 and clinical guidelines of the National Heart, Lung, and Blood Institute 7 state that "regular self-monitoring of weight is critical for long-term maintenance." Although concern has been expressed about possible adverse effects of regular self-weighing, there is little evidence to support this concern 22 and no evidence of adverse consequences of the interventions in our trial.
The strengths of our study include the selection of a cohort of successful dieters (who had an average weight loss of more than 19 kg at baseline), the randomized design, and the fact that 93% of participants completed the 18-month followup. Limitations include failure to find differences in dietary intake or activity, perhaps reflecting the limitations of using self-reported measures, 23 and the inability to determine whether self-regulation was more effective than other approaches to weight-loss maintenance and which aspects of the intervention were most important.
In conclusion, the two self-regulation interventions were more effective than the use of newsletters in maintaining weight loss for the duration of the study. The face-to-face intervention decreased the amount of weight regained, but both the Internet and the face-to-face interventions decreased the risk of regaining 2.3 kg or more. Future studies should examine ways to refine these interventions in order to improve their efficacy.
